The Pacific fisher (Martes pennanti) is a rare forest carnivore strongly associated with dense, old forest with high canopy cover for denning and resting. The Sierra Nevada population is very small, genetically distinct, and isolated. Mixed-severity wildland fire is assumed to be a potentially greater threat than logging, and land managers are conducting large-scale forest thinning operations under the hypothesis that it is needed to reduce fire spread and severity. However, the relationship between fishers and fire has not been tested previously. I investigated this question with teams of dogs specially trained to detect the scat of Pacific fishers and, thus, their concentration of movements and habitat use. All scat samples were genetically verified. In surveys on the Kern Plateau in the southwestern Sierra Nevada, within unlogged post-fire forests with mixed-severity effects from large fires, and in unburned forests, I found that fishers selected Sierran mixed-conifer forests in both post-fire and unburned areas, and selected closed-canopied, mature/old forest in unburned forests, as well as burned forests that had this structure in the pre-fire condition. When fishers were near burned/unburned edges, they selected the within-fire side. Fishers used dense, mature/old forest that experienced moderate/high-severity fire at the same level as unburned dense, mature/old forest, and both males and females were found deep inside large fires-several km from the fire perimeter. These results indicate that fishers may benefit from the structural complexity of such post-fire habitat for foraging. This suggests mixed-severity wildland fire could be restored through managed wildland fire in these forests.
INTRODUCTION
The Pacific fisher (Martes pennanti) is a rare and imperiled forest carnivore strongly associated with dense, old conifer forest for denning and resting [1] [2] [3] , though foraging habitat is less well understood. The southern Sierra Nevada population of fishers is genetically distinct [4] , and geographically isolated, with only 125-250 adults estimated to remain currently [5] . This species is a Candidate for listing under the Endangered Species Act at present.
Mechanical thinning operations, which remove most understory trees and many mature, older trees as well, has been found to be a threat to Pacific fishers [6] , in significant part because such management substantially reduces forest density and canopy cover, while fishers select the densest forests for resting habitat [7] . Moderate-and high-severity wildland fire are believed to be a threat as well, and current management direction hypothesizes that it is a greater threat than thinning, based upon modeling that assumes an average of ~90% tree mortality (high-severity fire) whenever fires occur [8] [9] [10] [11] [12] . The U.S. Forest Service, Region 5 (California), defines higher-severity fire (50% of more basal area mortality from fire) as a "deforested condition" (http://www.fs. fed.us/r5/rsl/projects/postfirecondition/methods/), and currently seeks to prevent this condition on the landscape. However, the relationship between fishers and mixed-severity fire has not been tested previously.
Sierra Nevada montane conifer forests, including mixedconifer forests that tend to be most prevalent in fisher home ranges [13] , have a natural mixed-severity fire regime, which includes low-, moderate-, and high-severity fire effects, and high-severity patches of varying sizes [14] [15] [16] [17] . Higherseverity fire has declined about fivefold since the early 20 th century due to fire suppression [18] , and wildland fires, which are currently dominated by low/moderate-severity effects, are not increasing in severity since 1984 [19] . Thus, wildland fires remain heavily suppressed currently [20] , creating a deficit in fire effects relative to natural conditions. Fire could have either positive or negative effects for fishers under two distinctly different hypotheses: positive, if natural heterogeneity and structural complexity resulting from higher-severity fire creates important foraging habitat or otherwise enhances the small mammal prey base, as has been found recently for the California spotted owl (Strix occidentalis occidentalis) [21, 22] ; or negative, if higherseverity fire represents essentially a categorical loss of suitable fisher habitat, as some recent modeling studies have hypothesized [9] [10] [11] [12] . Thus, there is a need to investigate the fisher's relationship with mixed-severity fire in order to inform any balance-of-risks assessments between potential future management paradigms: management dominated by fire suppression and mechanical thinning; or management focused on restoring mixed-severity fire through managed wildland fire and prescribed burning.
Here, I investigated this question using dogs specially trained to detect fisher scat (and, thus, the relative concentration of fisher activity in different habitats) in a heterogeneous post-fire and unburned landscape on the Kern Plateau in the southwestern Sierra Nevada. My hypotheses were that: a) fishers would select denser, older forest areas within mixed-conifer forests (unburned and burned); and b) fishers would select fire areas, including moderate/highseverity fire patches, due to enhanced foraging opportunities.
METHODS

Study Area
The study area was a 38,400-ha area in the northern Kern Plateau on the southeastern portion of Sequoia National Forest, the majority of which has been affected by several large mixed-severity wildland fires since 2000, including the McNally fire of 2002 and the Manter fire of 2000 (Fig. 1) . Less than 1% of the burned forest habitat in this area experienced post-fire logging. This landscape includes Sierran mixed-conifer forest, which tends to be dominated by white fir (http://www.dfg.ca.gov/biogeodata/Cwhr/pdfs/S MC.pdf), as well as Jeffrey pine, and lodgepole pine and red fir forests at the higher elevations. Elevation of forests in the study area ranged from ~1600 m to ~2900 m.
Surveys and Analysis
Two scat dog teams conducted random transects across all vegetation types and structures in unburned forest and in burned forest (all fire severities) in the study area in July and November of 2012. Each team consisted of a dog specially trained to detect fisher scat, and a professional human handler, from Conservation Canines at the University of Washington's Center for Conservation Biology [23] . DNA testing of all scat samples was conducted by the genetics lab at the Center for Conservation Biology to confirm that samples were from fishers, and to identify gender [23] .
All samples were swabbed and extracted in duplicate using a modified version of Qiagen's DNeasy tissue extraction kit, with negative controls included at all times. Then polymerase chain reaction (PCR) analyses were conducted in duplicate on all extracts with Qiagen's Multiplex PCR kit using two different fisher-specific markers. Two different markers were developed to provide two chances of amplification in case of degraded DNA, using mitochondrial DNA since much more is available than nuclear DNA. These species-specific mitochondrial DNA markers were developed to amplify the Pacific fisher specifically, and to ensure no overlap of non-target species. Non-target species that were tested and failed to amplify using fisher-specific markers included: marten; badger; raccoon; spotted skunk; striped skunk; red fox; grey fox; ringtail; mink and other mustelids; opossum; porcupine; and wolverine. Positive controls, as well as PCR negative controls, were also included in the PCR analyses for quality control. All PCR products were run on an ABI 3100 Genetic Analyzer to provide highly sensitive detection of DNA fragment sizes, then analyzed using GeneMarker software. Samples were confirmed as fisher if both separate DNA marker bands amplified at least three times. To identify gender, a ZFX/SRY assay was used that amplifies both the X and Y chromosomes. Samples were confirmed as female if the X chromosome amplified at least three times, and a male if the Y chromosome was seen at least twice. All samples were run at least three times for gender PCR.
I determined the amount of available habitat in each forest type/structure and fire severity category, as discussed below, every 0.5 km along the transects.
Selection with regard to forest type and forest structure at the point detection scale (30 m x 30 m pixel within which the scat sample was found) was analyzed using a Chi-square goodness-of-fit test [24] to determine whether fishers used Sierran mixed-conifer forest and dense, mature/old forest more than expected based upon availability. Forest types analyzed were Sierran mixed-conifer, Jeffrey pine, and lodgepole pine and red fir (these two were combined because they frequently intermixed in the study area), using the California Wildlife Habitat Relationships (CWHR) data base (http://www.dfg.ca.gov/biogeodata/cwhr/).
For forest structure, unburned and burned dense, mature/old forest (unburned and pre-fire CWHR 4M, 4D, 5M, 5D, and 6) were compared to forest structures dominated by smaller trees (<28 cm in diameter) and/or sparser canopy cover (<40% canopy cover) (http://www.dfg.ca.gov/biogeodata/cwhr/).
A Chi-square goodness-of-fit test was also used to determine whether fishers used the within-fire (0-500 m inside fire perimeters) side of fire edges more than expected based upon availability, and to assess whether they select higher fire severity at the point scale (30m x 30 m pixel). Fire severity was assessed using satellite imagery (www.mtbs.gov), based upon RdNBR (Relative differenced normalized burn ratio), which compares pre-fire conditions to those at one year post-fire [25] . Low-severity fire was defined as RdNBR <316 (less than ~15% basal area mortality), moderate-severity fire was defined as RdNBR 316-477 (~15-50% basal area mortality), and higher-severity fire was defined as RdNBR >477 (>50% basal area mortality) [26] . To assess whether fishers select larger spatial areas (area within 500-m radius of the scat detection location in fire areas, which necessarily excluded within-fire locations <500 m from unburned edges) with greater proportions of higher-severity fire, I used a Wilcoxon-MannWhitney test [24] , with the proportion of higher-severity fire within the 500-m radii as the dependent variable, and comparing detection locations to an equal number of random locations along the transects >500 m inside the fires.
RESULTS
The transects in the study area covered 197 km in postfire habitat, 239 km in unburned forest, and 23 km within inclusions inside the fire areas where the fires caused no changes. Some areas, particularly in the northwestern portion of the study area, proved to be very difficult to access, and much of this area was comprised of rock outcroppings, so some of this area was not surveyed. Out of 84 scat detections, 78 were confirmed to be fisher (the remainder could not be positively identified, and none were confirmed to be a different species), with 29 in the fire area and 49 in unburned forest. Fishers selected mixed-conifer forest in both post-fire habitat (Table 1a ) and unburned forest (Table  1b) . Within fire areas, they used pre-fire dense, mature/old forest more than expected based upon availability; the result was not significant at = 0.05, but was significant at = 0.10, perhaps due to small sample size (Table 2a) . They also used unburned dense, mature/old forest more than expected based upon availability (Table 2b) . When near a fire edge, fishers selected the within-fire side ( Table 3) . At the point scale (detection locations) within fire areas, fishers used moderate/higher-severity areas slightly more than expected based upon availability, but the result was not statistically significant ( Table 4) . At a larger spatial scale (500-m radius around scat detection locations) within fires, fishers selected areas with greater proportions of higher-severity fire (Fig. 2) . 
Fig. (2).
Fire severity use at 500-m radius scale. Fire severity percentages within 500-m radius of detection locations (dark gray, n = 13), and within a 500-m radius of an equal number of random locations (light gray), entirely in fire areas are shown in ascending order (K = 118, p = 0.050).
Fisher scat detections/km of transect length within the forest type/structure used more than available (dense, mature/old forest within Sierran mixed-conifer) were nearly identical in moderate/higher-severity burned forest (0.326/km) and in unburned forest (0.327/km).
Both males and females were detected in the fire areas, including numerous detections several km (and as far as 10-11 km) inside the McNally fire of 2002 (Fig. 1) . Gender proved to be more difficult to confirm than species. Within the fire area, gender was confirmed for 4 females and 6 males. An additional 6 samples in the fire area were possible/likely females and an additional 1 sample in the fire area was possible/likely male, but gender could not be positively determined for these. No information on gender could be obtained from the other 12 samples in the fire area. In the unburned forest, there were 5 confirmed females, and 6 confirmed males, with an additional 8 possible/likely females and 8 possible/likely males. No information on gender could be obtained for the other 22 samples in unburned forest. Of a total of 9 confirmed female samples, 3 were in unburned forest outside of the fire perimeters, 2 were inside fire perimeters within inclusions unchanged by the fires, and 4 were in post-fire habitat, which had 21%, 46%, 72%, and 83% higher-severity fire within 200 m of the detection location. Female fisher scat in post-fire habitat areas was detected 0.36-3.75 km from the nearest unburned inclusion, and 1.6-5.2 km from the nearest fire perimeter boundary, within the McNally fire of 2002.
DISCUSSION
The pattern of fisher detections did not evidence a categorical adverse response to large, mixed-severity wildland fires. On the contrary, these results indicate that mixed-severity fire may have some benefits for fishers. Much remains to be discovered, through further research and additional data, regarding the relationship between fishers and mixed-severity fire, including time-since-fire effects along the post-fire successional trajectory, differences in habitat use for denning/resting versus foraging, the role of structural complexity and biomass (live and dead, conifer and non-conifer) in dense, mature/ old forest that has experienced higher-severity fire, and the influence of the scale of natural heterogeneity from mixed-severity fire. Nevertheless, the results of this initial investigation cannot be reconciled with the hypothesis that moderate-or higherseverity fire simply represents a loss of suitable fisher habitat worthy of justifying landscape-level mechanical thinning, which is known to degrade or reduce fisher habitat [6] . Indeed, detection rates were approximately the same between dense, mature/old mixed-conifer forest with moderate/higher-severity fire and unburned dense, mature/old mixed-conifer, indicating that such post-fire areas represent suitable fisher habitat, and a number of detections were so deep into the McNally fire that most or all of the home ranges of these fishers may be within the fire area, given home range size [13] . Zielinski et al. [27] , using fixed fisher detection stations, also found fishers deep inside the McNally fire area.
There are a few factors which could explain my results here. First, there may be a "bedroom and kitchen" effect occurring, whereby fishers tend to select unburned forest or lower-severity burned forest for denning and resting, but may select moderate/higher-severity fire areas for foraging, similar to the radiotelemetry results in the McNally fire area for another imperiled old forest species, the California spotted owl [21] . The diet of fishers is substantially comprised of taxa, including small mammal species, which tend to be associated with complex early seral forest conditions [28] comprised of montane chaparral, downed logs, snags, and natural conifer regeneration-conditions in abundance in higher-severity fire patches in the McNally fire [21] . Such post-fire habitat is rich in small mammals, and spotted owl home ranges in the McNally fire are similar to, or smaller than, those in unburned forests in the Sierra Nevada, indicating high territory fitness in mixed-severity burned forest that has not been subjected to post-fire logging [29] .
The scat-detection approach of this study does not distinguish between fisher denning/resting locations and foraging locations, which may explain the lack of a statistically significant difference between detections in lowseverity fire areas versus moderate/higher-severity fire areas, respectively. Thus, if, within fires, fishers are preferentially selecting lower-severity areas for denning and resting, and moderate/higher-severity areas for foraging, the scat distribution may be roughly even in each of the two conditions, consistent with my findings. Further research, both on the Kern Plateau and in other areas, will help elucidate this issue.
Second, high structural complexity and biomass may be important. My results indicate that fishers benefit not from moderate/higher-severity fire in general but, rather, moderate/higher-severity fire in mature/old forest with moderate to high pre-fire canopy cover. Such areas have high structural complexity [21, 30] , and can have higher overall biomass (live and dead sources combined) than unburned old forest [31] . Both of these are reduced by postfire logging [32] , and may be similarly diminished by mechanical thinning (Fig. 3) , which tends to reduce habitat structures/features important to fishers, such as dense understory and canopy structure, and high snag and downed log density (from competition between trees in dense stands) [1, 2, 33] . While moderate-and higher-severity fire certainly reduce overstory canopy cover, they greatly accentuate structural complexity, and density, with regard to snags, downed logs, montane chaparral patches, and natural conifer regeneration patches [21, 30, 34] (Fig. 3) . The "complex early seral forest" habitat resulting from higher-severity fire is, as a result of this complexity and high biomass, rich in native biodiversity and wildlife abundance [21, [34] [35] [36] [37] [38] . This may help explain why fishers are not declining on the Kern Plateau [27] , despite the fact that a high proportion of the forested landscape has recently experienced large, mixedseverity fires.
Third, data indicate that the montane conifer forests of the Sierra Nevada region, including mixed-conifer and ponderosa pine forests of the southern Sierra Nevada, historically (pre-fire suppression) had a mixed-severity fire regime, which included higher-severity fire as a significant component [17] [18] [39] [40] [41] , with occasional very large patches [15, [39] [40] . Prior to fire suppression and logging, within the range of the Pacific fisher at that time [42] , early U.S. government surveyors in mixed-conifer forests documented the natural heterogeneity created by mixedseverity fire, including the juxtaposition of dense, old forest and higher-severity fire patches in old forest.
In unlogged areas prior to fire suppression in mixedconifer forests of the Sierra Nevada, Leiberg [40] noted substantial natural heterogeneity resulting from fire, which often involved dense stands of old forest adjacent to patches of standing fire-killed trees and montane chaparral with regenerating young conifers: "All the slopes of Duncan Canyon from its head down show the same marks of firedead timber, dense undergrowth, stretches of chaparral, thin lines of trees or small groups rising out of the brush, and heavy blocks of forest surrounded by chaparral." [40] (see p. 171). Early surveyors in unlogged mixed-conifer forests of the southern/central Sierra Nevada observed that "[s]evere fire went through [the 259-ha section being surveyed] years ago and killed most of the trees and land was reverted to brush", noting "several large dense sapling stands" [39] . Such observations were recorded for numerous 259-ha sections [39] .
Similarly, Show and Kotok [15] observed that, in mixedconifer/pine forests of the Sierra Nevada, high-severity crown fires, though relatively infrequent on any particular area, "may extend over a few hundred acres" in patches [15] (see p. 31; Plate V, Fig. (2) ; Plate VII, Fig. (2) ; Plate VIII; Plate IX, Figs. (1, 2) ; and Plate X, Fig. 1) , with some highseverity fire patches covering 2,000 ha in size or more [15] (see pp. [42] [43] . The authors distinguished high-severity fire patches of this size from more "extensive" patches occurring in the northern Rocky Mountains [15] (see p. 31), where high-severity fire patches occasionally reach tens of thousands of ha in size, or larger, and noted that patches of such enormous size were "almost" unknown in Sierra Nevada mixed-conifer forests. In a subsequent analysis, Show and Kotok [43] found that, within the mixedconifer/pine belt of the Sierra Nevada, 1 acre out of every 7 on average was dominated by montane chaparral and young regenerating conifer forest following higher-severity fire [43] (see Footnote 2); on one national forest ~87,000 ha out of ~267,000 ha was complex early-successional habitat from severe fire [43] (see p. 17).
Thus, the fisher would have evolved with a mixedseverity fire regime-one that was much more active than it is currently [18, 20] , and it would be adaptive to develop associations with such natural disturbance, and the prey availability there. In contrast, there is no evolutionary history for mechanical thinning or post-fire logging, which do not ecologically mimic post-fire habitat [34, 37, 44, 45] .
CONCLUSIONS
The results of this study indicate that the common assumption that mixed-severity fire represents a loss of suitable habitat for fishers [9] [10] [11] [12] 46 ] is unfounded, and that the relationship between fishers and fire is likely more nuanced than this. This suggests that increased use of managed wildland fire, and mixed-severity prescribed fire, in order to begin reducing the ongoing deficit in wildland fire in general [20] , and higher-severity fire in particular [18, 47] , would be ecologically appropriate, and should not be seen as being in conflict with fisher conservation. Even in the most long-unburned forests, current wildland fires are burning mostly at low/moderate-severity in mixed-conifer forests [48] [49] [50] . Moreover, given the extremely low current rate (long rotation intervals) of higher-severity fire, the rate of recruitment of old forest, used by fishers for denning and resting, greatly outpaces the rate of higher-severity fire in old forest in the Sierra Nevada presently [18] . Thus, even a threefold increase in higher-severity fire would reduce the current spatial coverage of old forest relatively little [18] .
Given the harm to fishers that can result from mechanical thinning [6] , the results of this study indicate that the balance of risks should tend to favor wildland fire over mechanical thinning in fisher habitat, contrary to the current management direction in forests inhabited by this imperiled species in the Sierra Nevada, and unlogged mixed-severity fire areas occurring within dense, mature/old forest could be incorporated into habitat connectivity models [51] .
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